Objective We evaluated atrial fibrillation (AF) patients' perceptions of anticoagulation treatment with dabigatran or a vitamin K antagonist (VKA) for stroke prevention, according to accepted indications. Methods The RE-SONANCE observational, prospective, multicentre, international study used the validated Perception on Anticoagulant Treatment Questionnaire (PACT-Q) to assess patients with AF already taking a VKA who were switched to dabigatran (cohort A), and newly diagnosed patients initiated on either dabigatran or a VKA (cohort B). Visit 1 (V1) was at baseline, and visit 2 (V2) and visit 3 (V3) were at 30-45 and 150-210 days after baseline, respectively. Primary outcomes were treatment satisfaction and convenience in cohort A at V2 and V3 versus baseline, and in cohort B for dabigatran and a VKA at V2 and V3. Results The main analysis set comprised 4100 patients in cohort A and 5365 in cohort B (dabigatran: 3179; VKA: 2186). In cohort A, PACT-Q2 improved significantly (p<0.001 for all) for treatment convenience (mean change V1 vs V2=20.72; SD=21.50; V1 vs V3=24.54; SD=22.85) and treatment satisfaction (mean change V1 vs V2=17.60; SD=18.76; V1 vs V3=21.04; SD=20.24). In cohort B, mean PACT-Q2 scores at V2 and V3 were significantly higher (p<0.001 for all) for dabigatran versus a VKA for treatment convenience (V2=18.38; SE =0.51; V3=23.34; SE=0.51) and satisfaction (V2=15.88; SE=0.39; V3=19.01; SE=0.41). Conclusions Switching to dabigatran from long-term VKA therapy or newly initiated dabigatran is associated with improved patient treatment convenience and satisfaction compared with VKA therapy.
IntROduCtIOn
Prior to the availability of novel oral anticoagulants (NOACs), vitamin K antagonists (VKAs) such as warfarin were the mainstay of anticoagulation therapy for prevention of stroke in non-valvular atrial fibrillation (NVAF). However, there is a real-world underuse of oral anticoagulants (OACs) in patients with atrial fibrillation (AF) who should be receiving treatment, resulting in a great number of preventable ischaemic strokes in these undertreated patients. 1 Several factors contributed to suboptimal adherence with VKAs, including the narrow therapeutic window of VKAs, numerous food and drug interactions, a variable doseresponse relationship and the requirement for frequent anticoagulation monitoring and dose adjustment with VKAs. The NOACs circumvent many of these problems and are currently recommended by European guidelines as the preferred anticoagulation treatment in patients with AF at risk of stroke. [2] [3] [4] 
Key questions
What is already known about this subject? ► Including patients in their anticoagulant treatment decision-making is important, and using educational intervention programmes targeting both patients and physicians can improve the use of oral anticoagulation in patients with atrial fibrillation (AF) who are at risk of stroke. Evaluating patients' perspectives of anticoagulation treatment satisfaction is also important, as this may impact adherence and therefore outcomes. Nevertheless, data on patients' perception of long-term anticoagulation therapy in non-valvular AF (NVAF) are limited.
What does this study add?
► The RE-SONANCE observational prospective study evaluated the perceptions of anticoagulation treatment and treatment convenience of patients with NVAF treated with dabigatran or a vitamin K antagonist (VKA) for stroke prevention, according to accepted indications.
How might this impact on clinical practice? ► Switching to dabigatran from long-term VKA therapy or newly initiated dabigatran is associated with improved patient treatment convenience and satisfaction compared with VKA therapy. This may be important in the prevention of stroke and systemic embolism in patients with AF patients at moderateto-high risk.
Including patients in their treatment decision-making is important, 3 and using educational intervention programmes targeting both patients and physicians can improve the use of OACs in patients with AF at risk of stroke. [5] [6] [7] [8] [9] Evaluating patients' perspectives of anticoagulation treatment satisfaction is also important, as this may impact adherence and therefore outcomes. 10 However, data on patients' perception of long-term anticoagulation therapy in NVAF are limited. 5 11-13 Therefore, we have evaluated perceptions of anticoagulation treatment and treatment convenience of patients with NVAF treated with dabigatran or a VKA for stroke prevention, according to accepted indications. The RE-SONANCE observational prospective study (NCT02684981), conducted in 11 European countries and Israel, used the validated Perception on Anticoagulant Treatment Questionnaire (PACT-Q) 10 14 to assess two different patient cohorts: patients with NVAF taking a VKA who were switched to dabigatran and newly diagnosed patients with NVAF initiated on either dabigatran or a VKA.
MetHOds study population and trial design
The study was conducted in Austria, Bulgaria, Czech Republic, Estonia, Hungary, Israel, Latvia, Poland, Romania, Russian Federation, Serbia and Slovenia. Eligible patients were ≥18 years old with NVAF and an indication for anticoagulation therapy for stroke prevention, not participating in any other clinical trial (for a drug or device) or registry. Cohort A included patients with NVAF switched from a VKA to dabigatran (≥3 months continuous VKA treatment for stroke prevention prior to baseline), while cohort B included newly diagnosed patients with NVAF initiated on either dabigatran or a VKA (with no use of any OAC within 1 year prior to enrolment).
Assessments
Collection of patient characteristics and treatment data was managed during routine clinic visits at three recommended time points. Visit 1 (V1) was at baseline, when patients were either switched from a VKA to dabigatran or started on dabigatran or VKA treatment. Visit 2 (V2) was 30-45 days after baseline. Visit 3 (V3) was 150-210 days after baseline. While these proposed time periods were provided as guidance to the treating physician, the timing of each visit was based on real-life practice in the respective countries. Therefore, visits were also performed by sites outside these windows, so the time points were revised and extended to: V2, 7-124 days after baseline and V3, 125-365 days after baseline. PACT-Q was used as a self-administered questionnaire. 10 14 Patient expectations regarding their anticoagulant treatment were assessed using PACT-Q1. PACT-Q2 assessed perceptions regarding convenience, anticoagulant treatment satisfaction, burden of disease and treatment. Cohort A completed PACT-Q2 at baseline, V2 and V3, and cohort B completed PACT-Q1 at baseline and PACT-Q2 at V2 and V3.
Outcomes

Primary outcomes
The primary outcome for cohort A was patient satisfaction with anticoagulant treatment and treatment convenience (PACT-Q2 domains) at V2 and V3 versus baseline. For cohort B, it was patient satisfaction with anticoagulant treatment and treatment convenience (PACT-Q2 domains) between treatment groups (dabigatran vs VKA) at V2 and V3.
Secondary outcomes
For cohort A, this was to evaluate the mean changes over time in patients' satisfaction and treatment convenience (PACT-Q2 domain) between V3 and V2; for cohort B, it was anticoagulation treatment expectations (PACT-Q1 items) at baseline.
Safety outcomes
Safety was evaluated separately for patients in cohorts A and B with follow-up for potential adverse drug reactions (ADRs) and fatal adverse events.
statistical analyses Sample size and analysis sets
The planned sample size was 9000 patients. For cohort A (assuming a two-sided alpha of 0.05 and that 20% of patients would be lost to follow-up), a total sample size of 3000 patients would provide >80% power to detect a standardised mean difference of 0.06 in PACT-Q2 scores between two assessments. For cohort B (assuming a two-sided alpha of 0.05, a 1:1 ratio of dabigatran and VKA patients and a 30% loss to follow-up and matching), a total sample size of 6000 patients would provide >80% power to detect a standardised mean difference of 0.065 in PACT-Q2 scores between dabigatran and a VKA at each assessment.
Enrolled patients were those who met all eligibility criteria. The main analysis set (MAS) comprised all eligible patients with known treatment; the safety analysis set comprised all enrolled patients with follow-up data. The propensity score matched set (PSMS) compared PACT-Q2 treatment differences between dabigatran and a VKA in cohort B; all patients matched with a 1:n (n, range 1-3) ratio (VKA:dabigatran) based on propensity scores calculated using a logistic regression model. Patients who permanently discontinued initial anticoagulation treatment at the time of an assessment were excluded from all analyses where data from that assessment were included.
Assessment of PACT-Q2 scores
For cohort A, mean differences in PACT-Q2 scores between visits were assessed using paired t-tests. In cohort B, mean differences in PACT-Q2 scores between treatment groups were assessed using the PSMS and the random intercept model. Paired t-tests were used for sensitivity analysis. The baseline variables used in the PSMS included: sex (men/ women); age (<65/≥65 to <75/≥75 years); reimbursement status (reimbursed/partially reimbursed/private pay/other); physician specialty (cardiologist/internist/ neurologist/general practitioner/other); HAS-BLED score (low (<3)/high (≥3) risk); CHA 2 DS 2 -VASc score (low or intermediate (<2)/high (≥2) risk); number of concomitant medications (0/1-3/≥4); type of concomitant medication (prescription/no prescription of (i) antiarrhythmics, (ii) antiplatelets or (iii) non-steroidal antiinflammatory drugs); number of concomitant therapies (0/≥1); presence of comorbidities (presence/absence of (i) malignancy or (ii) gastro-oesophageal reflux disease or gastroduodenal ulcer disease). The planned primary analysis was originally based on a 1:1 patient ratio. However, unequal enrolment (reflecting real-world treatment patterns and country recruitment) led to an adjustment of this analysis. Therefore, due to the variable size of the matched sets, the primary analysis of PACT-Q2 scores was based on the random intercept model, where a variance in the unequal groups (1:n matching) is compared and one group contains 'repeated' observations. Assessment of PACt-Q1 scores PACT-Q1 scores in cohort B at baseline were summarised descriptively for all patients and between treatment groups.
Results
Patient disposition
In total, 9472 patients with NVAF were enrolled from 698 sites in 11 European countries and Israel. The flow of patients through the study is summarised in online appendix figure 1. A total of 577 patients (240 (5.9%) in cohort A; 337 in cohort B (210 (6.6%) receiving dabigatran and 127 (5.8%) receiving a VKA)) permanently discontinued treatment during the study or had unknown treatment status at the end of observation. In cohort B, of those patients discontinuing VKA therapy, 42 (1.9%) were switched to dabigatran. All data collected prior to premature discontinuation were included in the analyses. Tables 1-3 summarise the demographic and baseline characteristics, healthcare system characteristics and physician-rated risk scores in the MAS. Most patients had a high risk of stroke/bleeding complications, had comorbidities and were receiving concomitant medications. Creatinine clearance (calculated at each visit using the Cockcroft-Gault equation) was stable in both cohorts (data not shown). There was a high risk of stroke or systemic embolism (CHA 2 DS 2 -VASc score ≥2) and bleeding complications (HAS-BLED score ≥3), reported in 88% and 59% of patients in cohort A, 88% and 29% of cohort B dabigatran-treated patients and 91% and 31% of cohort B VKA-treated patients, respectively.
Patient characteristics and anticoagulation treatment
In both cohorts, most patients had comorbidities and were receiving concomitant medications: 86% of patients in cohorts A and B, and 83% and 91% of dabigatran and VKA-treated patients, respectively. The most frequently prescribed concomitant medication was antihypertensives, most of which were angiotensin-converting enzyme inhibitors (used by 1565 (38.2%) (cohort A) and 2119 (39.5%) (cohort B) patients). Most lipid-lowering agents were statins (used by 1620 (39.5%) (cohort A) and 2104 (39.2%) (cohort B) patients). Antiarrhythmic agents were mostly class III potassium channel blockers (used by 474 (11.6%) (cohort A) and 688 (12.8%) (cohort B) patients), although beta-adrenergic receptor blockers were used as antiarrhythmics in 736 (18.0%) patients in cohort A and 954 (17.8%) in cohort B. The most frequently prescribed antacid drugs were proton pump inhibitors, used by 360 (8.8%) patients in cohort A and 393 (7.3%) in cohort B; for antiplatelet drugs, it was acetylsalicylic acid, used by 218 (5.3%) patients in cohort A and 488 (9.1%) in cohort B.
Most cohort A (65%) patients and the dabigatran subgroup of cohort B (70%) were treated with dabigatran 150 mg two times per day; the remainder were treated with dabigatran 110 mg two times per day. In cohort A, the mean duration of previous VKA therapy was 34 months (median 19 months), with warfarin (n=2680 (65%)) and acenocoumarol (n=1233 (30%)) the most frequently used VKAs.
treatment perceptions (outcomes)
Primary outcome in patients switched from VKA to dabigatran (cohort A) Mean PACT-Q2 treatment convenience and satisfaction scores are shown in figure 1A , with both scores improving significantly from baseline to V2 and V3. For treatment convenience, mean PACT-Q2 change from V1 at V2 was 20.72 (SD 21.50; p<0.001), and from V1 at V3 it was 24.54 (SD 22.85; p<0.001). For treatment satisfaction, mean PACT-Q2 satisfaction change from V1 at V2 was 17.60 (SD 18.76; p<0.001), and from V1 at V3 it was 21.04 (SD 20.24; p<0.001).
Secondary outcome in patients switched from VKA to dabigatran (cohort A)
The mean changes (improvements) over time in PACT-Q2 treatment convenience and satisfaction scores between V3 and V2 were also statistically significant ( figure 1A) . Mean change in PACT-Q2 scores between V3 and V2 for treatment convenience was 3.62 (SD 12.98; p<0.001), and for treatment satisfaction it was 3.33 (SD 12.86; p<0.001).
Primary outcome in patients newly initiated on dabigatran or a VKA (cohort B)
Mean PACT-Q2 scores for treatment convenience and satisfaction were significantly higher in the dabigatran group compared with the VKA group at both V2 and V3 (p<0.001 for all), with treatment differences increasing over time ( figure 1B) . For dabigatran versus VKA, mean Secondary outcome in patients newly initiated on dabigatran or a VKA (cohort B) Table 4 summarises patient treatment expectations (PACT-Q1 items) at baseline in cohort B. Most patients were confident that their anticoagulant treatment would prevent blood clots (59% reporting 'a lot' or 'extremely') and had moderate-to-high expectation of symptom relief (65% reporting 'moderately', 'a lot' or 'extremely'). The majority of patients considered it important to have an anticoagulant treatment that was easy to take (77% reporting 'a lot' or 'extremely').
safety outcomes Similar numbers of ADRs or serious ADRs were reported by patients in cohorts A and B, and the dabigatran and VKA cohort B treatment groups (table 5 ). There were few severe ADRs: 12 (0.3%) patients in cohort A and 21 (0.4%) in cohort B (dabigatran: 14 (0.4%); VKA: 7 (0.3%)). ADRs leading to discontinuation were reported in 43 (1.1%) patients in cohort A and 36 (0.7%) in cohort B (dabigatran: 32 (1.0%); VKA: 4 (0.2%)). At the system organ class level, the most frequently reported ADRs leading to discontinuation were gastrointestinal (GI) disorders (the most common being abdominal pain, dyspepsia and GI haemorrhage), reported in 24 (0.6%) patients in cohort A and 17 (0.3%) in cohort B (dabigatran: 15 (0.5%); VKA: 2 (0.1%)). Nine patients experienced ischaemic stroke: three (0.1%) in cohort A, six (0.1%) in cohort B (dabigatran: 5 (0.2%); VKA: 1 (0.0%)); of these, two cohort A patients discontinued and one in the cohort B VKA group died. Few patients experienced fatal ADRs: five (0.1%) in cohort A and six (0.1%) in cohort B (dabigatran: 2 (0.1%); VKA: 4 (0.2%)). The number of bleeding ADRs was small (table 5) , with the most common being GI and gingival bleeding events. Four severe bleeding ADRs (GI, tumour, haemorrhoidal and cerebral) were reported in four (0.1%) patients in cohort B (dabigatran: 3 (0.1%); VKA: 1 (0.0%)). Bleeding ADRs leading to discontinuation were reported by 13 (0.3%) patients in cohort A and 20 (0.4%) in cohort B (dabigatran: 18 (0.6%); VKA: 2 (0.1%)). No patients experienced a fatal bleeding ADR.
dIsCussIOn There are limited data on patients' perceptions of longterm anticoagulation therapy in NVAF. In this observational study, which was a representative population of 9472 patients with NVAF in 11 European countries and Israel, treatment satisfaction and convenience in patients who switched from a VKA to dabigatran increased significantly from baseline over time. For those patients newly diagnosed with NVAF, treatment satisfaction and convenience were significantly higher for dabigatran compared with VKA therapy. Few, serious and severe ADRs were reported by similar numbers of patients in cohorts A and B, and in dabigatran-treated and VKA-treated cohort B patients. While numbers were low, patients receiving dabigatran versus a VKA reported more ADRs that led to treatment discontinuation, with GI events driving approximately half the discontinuations. However, no difference was observed in severe bleeding events in patients receiving dabigatran compared with VKA. Overall, the safety profile of dabigatran in the RE-SONANCE study was consistent with previous clinical dabigatran and VKA data in the AF setting. [15] [16] [17] Few studies have assessed patients' perspectives of anticoagulant therapy in AF. In contrast to our findings, a substudy of the RE-LY trial observed stable healthrelated quality of life (measured using EQ-5D) scores over 12 months in all treated patients without outcome events, with comparable scores in the dabigatran and warfarin groups. 13 This was unexpected, given the known complexities of warfarin treatment. In the PREFER in AF registry, within the first year of NOACs being available in Western Europe, patient-related factors influencing the switch from a VKA to a NOAC included complaints about bruising/bleeding, treatment dissatisfaction, mobility problems and anxiety/depression. 11 Patients switching from a VKA to a NOAC had less hypertension, heart valve dysfunction and CHA 2 DS 2 -VASc scores, 11 possibly reflecting caution on the part of physicians trying a new treatment option. In a small study using the validated Anti-Clot Treatment Scale, warfarin treatment was less favoured than non-warfarin treatments, including more limitations and greater feelings of burden. 18 It is recognised that there is a need for improvement in educational strategies around OACs 6 9 ; in order to anticoagulate patients successfully with AF at high risk for stroke and prevent further ischaemic stroke, physicians and patients need to understand fully the rationale behind OAC treatment. Physicians must be provided with evidence regarding which treatment option best suits their patients' clinical presentation. For example, NOACs should be the first option physicians consider for preventing stroke in patients with AF (including aortic regurgitation or stenosis), although VKAs are indicated for preventing stroke in those patients with AF and a mechanical valve or moderate-to-severe mitral valve stenosis. 3 For patients, providing educational strategies can significantly improve their OAC treatment knowledge compared with usual care. 8 By regularly evaluating knowledge gaps (eg, international normalised ratio target ranges, which concomitant medications should be avoided and recognising medical complications such as stroke or bleeding), the most appropriate educational programmes can be provided. Such strategies have been shown to increase patients' use of OACs significantly 5 and the number of patients achieving time within therapeutic range. 7 Furthermore, educational strategies can significantly reduce the risk of recurrent stroke compared with usual care. 5 Other studies have observed higher treatment satisfaction among NOAC versus warfarin users. [19] [20] [21] [22] It is reasonable to extrapolate that improving anticoagulation treatment satisfaction may increase patients' adherence to treatment and improve outcomes. Open discussions with patients can help to identify potential barriers to therapy; if patients are involved in their treatment decisions, they may be more likely to take responsibility for their treatment, thereby improving adherence. 23 However, despite improved treatment satisfaction with NOACs versus VKAs, recent observational data noted comparable adherence. 21 22 The paucity of data regarding treatment satisfaction and outcomes means that further studies are needed to assess the impact of improved patient perceptions.
A strength of this study is that it used the PACT-Q, which is a validated and specific treatment satisfaction instrument for thromboembolic patients with anticoagulant treatment, and is available in numerous languages. 10 14 While there are inherent limitations associated with any observational study, the large patient population recruited in Bleeding ADRs leading to discontinuation this non-interventional study is representative of patients receiving an OAC for stroke prevention in NVAF. Study limitations include the role of reimbursement, which could affect overall treatment adherence and satisfaction, and is highly dependent on a patient's financial and socioeconomic status. Patient selection bias may also be the reason why only one-third of patients were over 75 years; elderly patients, who could benefit from switching from VKA to dabigatran, may not have been included due to the perception that they might not be able to understand the questionnaires fully. Treatment bias may also have been introduced, as patients might subconsciously consider a new therapy as better. Additionally, due to the real-world nature of the study, patient follow-up was based on routine care instead of a stringent visit schedule, as used in clinical trials. Therefore, there was considerable variation between patient visits from baseline during the study follow-up. To better accommodate this and ensure that most of the collected data could be included in the analysis, more relaxed time windows were defined for V2 and V3. The balance between time window thresholds and potential misclassification was assessed, and it was decided to apply 'consecutive' thresholds between V2 and V3 to capture as much of the data as possible, and since the number of patients with extreme visit times was low. Finally, patients may not always be willing to write their honest opinions on a questionnaire or tell the doctor what they really think about the therapy. Although not aimed at assessing patient outcome, the safety profile of the OACs were comparable.
COnClusIOns
Switching to dabigatran from long-term VKA therapy or newly initiated dabigatran is associated with improved patient treatment convenience and satisfaction compared with VKA therapy. This may be important in the prevention of stroke and systemic embolism in patients with AF at moderate-to-high risk.
